Objective: To examine the association between the body mass index (BMI) and the risk of survival, and to evaluate whether tumor characteristics differ by BMI in patients with upper tract urothelial carcinoma (UTUC) managed by surgery. Methods: A clinical series on 876 patients with localized UTUC following nephroureterectomy with a bladder cuff, with data from Osaka Medical College registry (discovery cohort) and the Nagoya group (validation cohort) was examined. In addition to analyzing the overall survival and cancer-specific survival (CSS), the survival impact adjusted by pathological variables was also assessed by the BMI group. Results: The percentage of high risk features including positive lymphovascular invasion was doubled in the discovery cohort compared to the validation cohort. The group of BMI ≥ 25 kg/m 2 was associated with improved CSS in the discovery cohort (p = 0.004), and this tendency was verified in the validation cohort (p = 0.006). Nonproportional hazards existed for the group of BMI ≥ 25 kg/m 2 and the BMI 18.5-25 kg/m 2 relative to the group of BMI < 18.5 kg/m 2 , with a change in the CSS hazard. In multivariable Cox models, the BMI group had a superior predictive value compared with other pre-clinical factors both in the discovery cohort (HR = 3.85, p = 0.01; 95%CI: 0.09-0.73) and the validation cohort (HR = 1.56, p = 0.01; 95%CI: 0.45-0.91). When adjusted by lymphovascular invasion, the concordance of the model proposed by the discovery cohort (0.52) challenged in the validation cohort was 0.59. Conclusions: We found a clinically relevant signature for high risk patients with BMI grouping. Further research is necessary on whether tailoring recommendations for weight and nutrition management to tumor characteristics will improve outcomes.
Influence of the Body Mass Index and its Effect on Tumor Characteristics and Survival among a Population with Access to Surgical Management of Upper Tract Urothelial Carcinoma
The group of BMI ≥ 25 kg/m 2 was associated with improved CSS in the discovery cohort (p = 0.004), and this tendency was verified in the validation cohort (p = 0.006). Nonproportional hazards existed for the group of BMI ≥ 25 kg/m 2 and the BMI 18.5-25 kg/m 2 relative to the group of BMI < 18.5 kg/m 2 , with a change in the CSS hazard. In multivariable Cox models, the BMI group had a superior predictive value compared with other pre-clinical factors both in the discovery cohort (HR = 3.85, p = 0.01; 95%CI: 0.09-0.73) and the validation cohort (HR = 1.56, p = 0.01; 95%CI: 0.45-0.91). When adjusted by lymphovascular invasion, the concordance of the model proposed by the discovery cohort (0.52) challenged in the validation cohort was 0.59. Conclusions: We found a clinically relevant signature for high risk patients with BMI grouping. Further research is necessary on whether tailoring recommendations for weight and nutrition management to tumor characteristics will improve outcomes.
Introduction
Biomarkers help stratify upper tract urothelial carcinoma (UTUC) with aggressive biology and worse outcomes. Most of current prognostic models aim at predicting muscle invasive or non-organ confined disease, after nephroureterectomy and survival outcomes. These tools are still mainly based on molecular markers, imaging, and clinicopathological features, but none were verified on lifestyle factors. Identifying lifestyle factors that can affect the risk of mortality is important for improving the survival experience of pre-operative patients diagnosed with UTUC. Accumulating evidence has shown that body composition may be one such factor. However, risk stratification in UTUC is still suboptimal, especially in the pre-operative setting due to current limitations in staging and grading.
The body mass index (BMI) and body weight have been suggested as affecting the risk of selected cancers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Potential mediating effects of the BMI have not been formally quantified in a survival analysis setting in urothelial cancer. Hafron et al. [14] investigated the effect of the BMI on survival in patients undergoing radical or partial cystectomy for urothelial bladder cancer. Although, there was no significant association between the BMI and overall or disease specific survival, there was a trend toward better disease specific survival in normal weight patients with organ confined disease. Maurer et al. [15] reviewed 390 consecutive patients who underwent radical cystectomy due to bladder cancer in order to investigate the influence of the BMI on peri-and post-operative morbidity and outcome following radical cystectomy for bladder cancer. They found that the time of cystectomy increased with the degree of patients' obesity, with normal weight being 330 minutes versus overweight being 355 minutes (p = 0.007). In their cohort, between normal weight and overweight patients no significant differences were noted in respect to post-operative TNM stage (pTis-pT2b: 42.6 vs. 48.6%; pT3a-4: 38.2 vs. 27.2%; pN+: 20.2 vs. 24.2%). Notably, mean overall survival times showed no significant differences between normal weight and overweight patients receiving ileal conduits (5-year survival rate: 34.0 vs. 41.1%; p = 0.140) or ileal neobladders (5-year survival rate: 65.1 vs. 70.8%; p = 0.127) [15] . The prognostic impact of the BMI in patients with UTUC is an ongoing debate. Ishioka et al. [16] investigated the association between different BMI groups and UTUC-specific survival using Cox proportional hazards regression models. Multivariate analysis revealed that factors which affected cancer-specific survival (CSS) included pathological T stage (pT2, pT3, and pT4), pathological grade (grade 3), lymph node status (pN1-2), lymphovascular invasion (LVI) (present), and the BMI (BMI ≥ 25 and ≤ 22.5 kg/ m 2 ). Kang et al. [17] investigated the prognostic role of the BMI in patients treated with radical nephroureterectomy for UTUC. They found that the lower quartile BMI group showed significantly increased overall mortality and cancer specific mortality compared to the 25-50% quartiles and upper quartile BMI groups, concluding that pre-operative underweight patients with UTUC had a lower survival rate after radical nephroureterectomy.
We hypothesized that being overweight could counteract the success of surgery, and that there is a desirable BMI which affect the patients' survival. To address this hypothesis and arrive at universal findings, we utilized 2 different cohorts in which patients were treated by different medical centers so that we could exclude the influence of surgical success. 
Methods

Study Design and Population
Two UTUC databases from the Osaka Medical College registry and Nagoya group were analyzed that included a retrospective clinical series on patients with localized UTUC managed by nephroureterectomy with a bladder cuff [18] . Metastatic disease was excluded by chest X-ray, abdominal ultrasonography, and computed tomography of the abdomen and pelvis. We excluded patients with a mixed histology. Patients with a sufficient comprehensive dataset available for extensive background evaluation were included in the present cohort. For each patient comprehensive clinicopathological data were collected and entered into an institutional review board approved database. Previously, open radical nephroureterectomy with open excision of the distal ureter with a bladder cuff was performed to dissect the kidney with the entire length of the ureter and adjacent segment of the bladder cuff. The hilar and regional lymph nodes adjacent to the ipsilateral great vessel were resected, if possible. All surgical specimens were processed according to institutes' standard pathological procedures. LVI was defined as the unequivocal presence of cancer cells in an endothelium-lined space but not in the underlying muscular walls. After the surgery, the patients follow-up evaluation was comprised of a medical history and physical examination, laboratory tests, urine analysis, urine cytology, abdominal ultrasonography, or chest X-rays. To exclude local or distant metastases, computerized tomography or magnetic resonance imaging was conducted.
Statistical Methods
Outcomes were measured by time to deaths. An event for overall survival (OS) included all deaths within the cohort under investigation, and did not separate those due to the disease of interest from those due to other causes. The period of CSS was defined as the time between the date of surgery and death due to UTUC. CSS and OS, as functions of the BMI (discreet and continuous) were evaluated. Censored survival values represent patients who were alive without any evidence of disease at the last follow-up. Cause of death was defined by the physicians, by a review of a chart corroborated by death incidence. Pearson's chi-square test was performed to examine the relationships of the BMI with pathological parameters. The Kaplan-Meier method was used to estimate the survival rate and the log-rank test was used to compare it among the 3 BMI cohorts. CSS and survival probabilities after surgery were estimated using multivarible Cox regression analysis to address time to cancer-specific deaths after surgery. All reported p values are two-sided and the level of statistical significance was set at p < 0.05. All statistical tests were performed with SPSS Statistics ver24.
Results
The clinical baseline characteristics of the 2 cohorts are shown in table 1. In the discovery cohort, the age at diagnosis ranged from 23 to 91 years old and 66% were males. In the validation cohort, the age at diagnosis ranged from 22 to 91 years old and 70.1% were males.
All patients underwent nephroureterectomy with a bladder cuff. The majority of cases (80 and 79% in each cohort) had unifocal tumors (table 1). Our discovery cohort was observed to have a higher incidence of advanced pT stage than the validation cohort and tended to be LVI positive more frequently at the time of surgery. In addition, the discovery cohort tended to present with a BMI of < 18.5 kg/m 2 compared with patients in the validation cohort (table 1). All available baseline parameters were well balanced between the 2 cohorts (table 1) . Table 2 shows the correlation of the grouped BMI with all clinical and histopathological parameters in the 2 cohorts. The extent of the BMI did not statistically significantly correlate with gender, and tumor focality in the discovery cohort (table 2). We found a statistically significant association of bladder tumor at diagnosis (p = 0.01), cytology (p = 0.04), grade (p < 0.01), LVI (p < 0.01), and pT classification (p < 0.01) with the extent of the BMI in the discovery cohort. Among patients in the BMI ≥ 25 kg/m 2 group, LVI was significantly less common. There was a statistically significant association of the extent of the BMI with the pT stage, although there was no clear linear correlation between these parameters. In the validation cohort, we found a statistically significant association of the extent of the BMI with cytology and a casual relation with LVI. A large BMI was associated with negative urine cytology and the altitude of positive urine cytology in the BMI ≥ 25 kg/m 2 group was smaller than the BMI of the 18.5-24.9 kg/m 2 group (table  2) . LVI in the BMI ≥ 25 kg/m 2 group was more likely to show negative results than the other 2 groups with a smaller BMI (table 2).
In these 2 cohorts, the 5-year survival rates were 93 and 97%, respectively. Cox regression models were developed to evaluate the effect of the BMI on CSS and OS for UTUC (table 3, 4). This regression model was done to estimate the adjusted HRs for OS and CSS and their 95%CI, with adjustment for gender, age, bladder tumor at diagnosis, urine cytology, tumor focality, and the BMI. In the discovery cohort, a higher BMI was the single factor associated with a better CSS and OS (p = 0.01, OR = 3.85, 95%CI = 0.09-0.73; As is shown in figure 1 , a BMI ≥ 25 kg/m 2 had higher survival probability in the discovery cohort and validation cohort. The estimated mean survival time in the discovery cohort and validation cohort patient group was 71.6 months (range 63.0-80.3 months) and 99.0 months (range 95.6-102.3 months), respectively. A significant interaction of the BMI with survival was obtained. In the discovery cohort, the logrank test demonstrated a strong trend for an increase in risk for deaths in patients with a smaller BMI (logrank p = 0.004: BMI of 18.5-24.9 kg/ m 2 vs. BMI < 18.5 kg/m 2 , and logrank p = 0.004: BMI ≥ 25 kg/m 2 vs. BMI < 18.5 kg/m 2 ) ( fig. 1a) . The validation cohort confirmed this trend in determining the prognosis of UTUC patients ( fig.1b) . In a chart review of the whole cohort, we encountered 75 complications among 627 patient who had described intra-operative complications (supplementary table) . The amount of bleeding and operation time were more relevant than operation-related complications for a higher BMI in laparoscopic nephroureterectomy (supplementary table) .
We further evaluated the impact of the BMI on CSS with the adjustment of conventional pathological parameters (table 5). In the discovery cohort, the BMI adjusted by the pT stage showed a borderline significant correlation with CSS. The survival impact of the BMI was validated after adjusting for LVI, pT stage, and grade. The 
Discussion
Despite a growing understanding of the biology underlying UTUC, management of this disease remains difficult due to the lack of validated biomarkers and the limitations of current predictive and prognostic tools [19] [20] [21] . Further efforts and collaborations are necessary to allow their integration in daily practice.
In our study, survival analysis was employed to assess a discovery cohort and establish associations with clinico-pathological parameters. We showed a differential clinico-pathological background based on the BMI category in patients with UTUC in separate discovery and validation cohorts. This is clinically valuable because the BMI is easily obtained via a totally noninvasive procedure. Except for BMI, age, bladder tumor at diagnosis, and tumor focality were not associated with CSS and OS in the discovery cohort as determined by COX multivariate analysis, while all of these were predictive for deaths in the validation cohort. UTUC can be stratified into 3 subtypes bases on the BMI. However it is widely accepted that UTUC can be classified into subtypes using a classic pathological staging system, to represent subtypes with different patient prognoses. The present study found that an increasing BMI was associated with a favorable outcome for UTUC independent of other factors.
Despite significant heterogeneity being found in analyzing the relation of body weight with UTUC mortality, it provided strong evidence that a higher BMI is beneficial. We were the first to describe the prognostic impact of UTUC in an Asian cohort [18] . Two years later, Ishioka et al. [16] investigated the impact of the BMI with different categories on UTUC using a Japanese database. HRs for CSS of the BMI ≥ 25 kg/m 2 and the BMI < 22.5 kg/m 2 group were 1.62 and 1.68, respectively, concluding that both higher and lower BMI affect the prognosis of UTUC treated with radical nephroureterectomy [16] . In our study, the HR for CSS and OS of the BMI were 3.85 in the discovery cohort / 1.56 in the validation cohort, and 4.17 in the discovery cohort / 1.37 in the validation cohort, respectively. One year later, Kim et al. [22] used another cut-off to assess the relationship between the BMI and survival. There were no significant differences in the urothelial recurrence-free survival rates according to the BMI classification (p = 0.488) [22] . In the univariate analysis, the BMI ≥ 25 kg/m 2 was a significant predictor of better CSS (HR 1.89; 95%CI 0.33-0.84, p = or node positive patients, those with sarcopenia showed significantly worse CSS and OS than those without (5-year CSS rate: 55 vs. 100%, p = 0.014; 5-year OS rate: 40 vs. 86%, p = 0.007), while no prognostic difference was observed between patients with and without sarcopenia in those with organ-confined disease [23] . A few studies that investigated the association between BMI and the risk of death from UTUC were found and a worse prognostic outcome seems to be associated with a higher BMI in a Western cohort and a lower BMI in an Asian cohort [16, 18, 24] . The reason for this discrepancy is simple. The baseline patients' BMI is totally different in Asian countries than in Western countries. Ehdaie et al. [24] showed a median patient BMI of 27.9 kg/m 2 (IQR: 6.7) from 520 Western patients, while in the present cohort, the median BMI was 22 kg/m 2 (IQR: 2.0). In our total cohort, only 17 patients in 876 patients (1.9%) showed a BMI > 30 kg/m 2 , the cut-off for obesity. Again, we do not mean that being obese renders a good prognosis, because in our validation cohort for patients with a BMI ≥ 30 kg/ m 2 , the mean estimated CSS was 65.5 months which was shorter than a BMI of 18.5-24.9 kg/m 2 and a BMI ≥ 25 kg/m 2 , and the overall cohort (data not shown). Keeping an adequate BMI might benefit the improvement of survival among UTUC patients. Future clinical trials will include the association of confounding factors, such as lifestyle, nutrition, and smoking history. Where possible, the impact of the BMI change on the death of patients with UTUC should be evaluated.
Conclusions
The results presented here provide a summary of the status of UTUC patients undergoing nephroureterectomy with a bladder cuff from two different cohorts. The BMI may be a more important determining factor of patient survival risk status after treatment with surgery than formerly assumed. The present study is descriptive in nature and not predictive. Although, we believe this is a good resource to characterize these patients.
Clinical Practice Points
-Current information on the prognostic importance of the BMI for patients with UTUC is based on a variety of equivocal reports.
-Because of inconsistent and uncertain research results as well as racial and ethnic differences, we sought to evaluate the prognostic significance of the BMI in two different Japanese UTUC cohorts (discovery cohort and validation cohort) managed by surgery.
-The study aimed to analyze the association between the BMI at time of diagnosis, UTUC histopathological features (tumor focality, T stage, nuclear grade, lymphatic/vascular invasion), incidence of concomitant bladder cancer, and positive urine cytology to evaluate the impact of the BMI on CSS by multivariate analysis.
-A BMI ≥ 25 kg/m 2 had higher survival probability in the discovery cohort and validation cohort.
